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‘CORE LABORATORIES UK LTD.
Petroleum Reservoir Engineering

ABERDEEN, SCOTLAND

17 March 1981

A/S Norske Shell Exploration & Production
Damlse Ferusuei 43
P.0O. Box 10
40-33 Forus
Norway
Subject: Reservoir Fluid Study
Well: 31/2-5
North Sea, Norway
Our File Number:
RFLA 81028

Attention: Mr. Dave Jolly.

Gentlemen,

On the 28th January 1981 an RFT sample from the subject well was received in our
Aberdeen laboratory for transfer and subsequent analysis. The results of these
analyses as requested are presented in the following report.

On receipt in the laboratory the chamber was heat treated at 160°F for twenty-
four hours prior to transfer in single phase. Two 650cc samples were transferred
and the remainder of the sample drained. The recovery details may be found on page
fourteen.

A portion of the reservoir fluid was placed in a high pressure visual cell and
thermaly expanded to the requested operating temperature of 160°F. During a con-
stant camposition expansion at this temperature the fluid exhibited a bubble point
of 2133 psig. As requested this bubble point was raised to 2280 psig by the add-
ition of gas from a second RFT chamber. The remaining portion of the reservoir
fluid was treated in the same manner, thus providing sufficient reservoir fluid to
perform the requested analysis.

The hydrocarbon composition of the reservoir fluid through hexanes was then deter-
mined by low temperature fractional distillation. This composition in terms of
both mol and weight percent is presented on page two.

A portion of the reservoir fluid was placed in a high pressure visual cell and
thermally expanded to the operating temperature of 160°F. During a constant comp-
osition expansion at this temperature, a bubble point pressure of 2280 psig was
observed. The results of the pressure-volume relations may be found on page three.

A large volume of reservoir fluid was subjected to a differential vaporization at
the reservoir temperature of 160°F resulting in the liberation of a total of 405
standard cubic feet of gas per barrel of residual oil with an associated relative
0il volume of 1.198 barrels of saturated oil per barrel of residual oil. At
several pressure levels below the observed saturation pressure, oil density, gas
deviation factor and gas hydrocarbon camposition were monitored. These data are
tabulated on pages five through seven and graphically represented on pages eight
and nine.
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Whilst maintaining reservoir temperature, the viscosity of the liquid phase was
measured in a rolling ball viscosimeter through a wide range of pressures from
above saturation pressure to atmospheric pressure. These data show a minimum

of 1.32 centipoise at saturation pressure. The remaining viscosity data are
presented on page ten.

At conditions stipulated by A/S Norske Shell Exploration and Production, a series
of flash separations were performed at laboratory temperature. The factors and
data derived from these tests may be found on page twelve.

At each primary stage of separation, the gas evolved was collected and analysed
for hydrocarbon composition. These compositions are presented on page thirteen.

A supplementary report containing the extended compositional analysis will be
issued shortly.

It has been a pleasure to be of service to A/S Norske Shell Exploration and
Production. Should any questions arise concerning data presented in this report,
or if we can be of further assistance, please do not hesitate to contact us.

Yours very truly

Core Laboratories UK Limited
Resepvoir Fluid Analysis

LKS/STB Les K. Sebborn
15cc/Addressee Laboratory Manager
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CORE LABbRATORlES UK LTD.
Petroleum Reservoir Engineering
ABERDEEN, SCOTLAND

Page 1 of 14

File RFLA 81028

Company A/S Norske Shell Expl. & Prod. Date Sampled

Well 31/2-5 State North Sea

Field Country Norway

FORMATION CHARACTERISTICS

Formation Name

Date First Well Completed , 19
Original Reservoir Pressure PSIG d Ft.
Original Produced Gas-0Oil Ratio SCF/Bbl
Production Ratio Bbl/Day
Separator Pressure and Temperature PSIG °F.
0il Gravity at 60°F. °API
Datum Ft. Subsea

Original Gas Cap

WELL CHARACTERISTICS

Elevation Ft.
Total Depth Ft.
Producing Interval : Ft.
Tubing Size and Depth In. to Ft.
Productivity Index Bbl/D/PSI @ Bbl/Day
Last Reservoir Pressure 2280 PSIG @ Ft.
Date ;s 19
Reservoir Temperature 160 °F. @ Ft.

Status of Well
Pressure Gauge

Normal Production Rate Bbl/Day
Gas-0il Ratio SCF/Bbl
Separator Pressure and Temperature PSIG, °F.
Base Pressure PSIA

Well Making Water % Cut

SAMPLING CONDITIONS

Sampled at Ft.

Status of Well
Gas~0il Ratio SCF/Bbl
Separator Pressure and Temperature PSIG, °F.
Tubing Pressure PSIG
Casing Pressure PSIG

Sampled by SCHLUMBERGER

Type Sampler . SCHLUMBERGER

REMARKS:

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and con-
fidential use, this report is made. The interpretations or opinions. expressed represent the best judgement of Core Laboratories, Inc. (all errors and
omissions excepted) ; but Core Laboratories, Inc. and its officers and employees, assume no responsibility and make no warranty or representations
as to the productivity, proper operation, or profitableness of any oil, gas or other mineral well or sand in connection with which such report is used
or relied upon.
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CORE LABORATORIES UK LTD.
Petroleum Reservoir Engineering

ABERDEEN, SCOTLAND

Page 2 of 14

File RFLA 81028

Company A/S Norske Shell Expl. & Prod. Formation
Well 31/2-5 County North Sea
Field State United Kingdom

HYDROCARBON ANALYSIS OF RESERVOIR FLUID SAMPLE*

MOL WEIGHT MOL,
COMPONENT PERCENT PERCENT DENSITY API WEIGHT

Hydrogen Sulfide NIL NIL
Carbon Dioxide 0.81 0.25
Nitrogen 0.72 0.14
Methane 35.27 3.97
Ethane 4.00 0.84
Propane 1.34 0.41
iso-Butane 1.14 0.47
n-Butane 0.47 0.19
iso~Pentane 0.54 0.27
n-Pentane 0.24 0.12
Hexanes 1.15 0.69

Heptanes plus 54.32 92.65 - 0.8869 27.9 243
100.00 100.00

*Cylinder Number 80397.

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and con-
fidential use, this report is made. The interpretations or opinions. expreséed represent the best judgement of Core Laboratories, Inc. (all errors and
omissions excepted) ;: but Core Laboratories, Inc. and its officers and employees, assume no responsibility and make no warranty or representations

as lo“ttt‘a'e productivity, proper operation, or profitableness of any oill, gas or other mineral well or sand in connection with which such report is used
or re upon.



Petroleum Reservoir Engineering

ABERDEEN, SCOTLAND

CORE LABORATORIES UK LTD.

Page 3 of 14
File RFLA 81028
Well 31/2-5

VOLUMETRIC DATA OF RESERVOIR FLUID SAMPLE

1. Saturation pressure (bubble-point pressure)

2. Specific volume at saturation pressure:

3. Compressibility of saturated oil @ reservoir temperature:

From

From

From

From

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and con-
fidential use, this report is made. The interpretations or opinions. expressed represent the best judgement of Core Laboratories, Inc. (all errors and
omissions excepted) ; but Core Laboratories, Inc. and its officers and employees, assume no responsibility and make no warranty or representations
as to the productivity, proper operation, or profitableness of any oil, gas or other mineral well or sand in connection with which such report is used

or relied upon.

5000
4000
3000

2500

ft 3/1b

PSIG to

PSIG to

PSIG to

PSIG to

2280 PSIG @ 160 _ °F.
0.02031 @ 160 °F,
Vol /Vol/PSI1:
4000 PSIG = 6.76x10-6
3000 PSIG = _ 7.38x10-6
2500 PSIG = _ 7.88x10-6
2280 PSIG = 8.21x10-6




CORE LABORATORIES UK LTD.
Petroleum Reservoir Engineering

ABERDEEN, SCOTLAND
Page 4 of 14

File RFLA 81028

Well 31/2-5

PRESSURE-VOLUME RELATIONS AT 160°F,

Pressure Relative Y
PSIG Volume (1) Function(2)
5000 0.9803
4000 0.9869
3000 0.9943
2700 0.9966
2600 0.9974
2500 ©0.9982
2400 0.9990
2300 0.9998
2280 Saturation 1.0000

Pressure
2214 1.0074 3.991
2152 1.0151 3.922
2077 1.0249 3.871
1940 1.0461 3.770
1777 1.0767 3.661
1644 1.1077 3.559
1502 1.1492 3.438
1339 1.2090 3.325
1173 1.2921 3.190
1015 1.3993 3.076
887 1.5248 2.943
758 1.6922 2.845
641 1.9016 2.771
490 2.3406 2.644
369 2.9507 2.551
263 2.9992 2.419

(1) Relative Volume: V/Vsat is barrels at indicated pressure per barrel at
saturation pressure.
(2) Y Function = (Psat-P)
(Pabs) (V/Vsat-1)

Ay

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and con-
fidential use, this report is made. The interpretations or opinions. expressed represent the best judgement of Core Laboratories, Inc. (all errors and
omissions excepted) : but Core Laboratories, Inc. and {ts officers and employees, assume no responsibility and make no warranty or representations
as to the productivity, proper operation, or profitableness of any oil, gas or other mineral well or sand in connection with which such report is used
or relied upon.
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RELATIVE OIL VOLUME:V/VR

.

:.38

—~

.28

.26

.22

.

.14

.12

1R

CORE LABORATORIES UK LTD. Page B of 1Y

Petroleun Reservdir Engineering File RFLA B!A28

ABERDEEN, SCOTLAND
DIFFERENTIRL YRPORJZRTION OF RESERVOIR FLUID RT IR F.

Company 8s5 NORSKE SHELL Formation

Well 325 County NORTH 5FR
Field State NORNRY

LY 192 153 28pa 2573 Jpam
PRESSURE: POUNDS PER SBURRE INCH GRUGE




GRS IN SOLUTION:STANDRRD <UBIC FEET PER BRARREL OF RESIDURL DIL

CORE LABORATORIES UK LTD. Page . 8 of ‘14

Petroleuns Reservdir Engineering File RFLA BIaZ8

ABERDEEN, SCOTLAND
D!FFERENTIRL VRPOR!ZATION OF RESERVDIR FLUID AT 1EA° F.

Well 31.72-% County ____NORTH SFA

Field State NORWAY

BP2

7928

BAR

572R

%]

342

278 <

| 27 7

B SeR gl 157AR 28an 2501 3ppR
PRESSURE : POUNDS PER SHUARRE |NCH GRURBE
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CORE LABORATORIES UK LTD.
Petroleum Reservoir Engineering

ABERDEEN, SCOTLAND

Page 10 of 14

File RFLA 81028

Well 31/2-5

VISCOSITY DATA AT 160 °F.

Calculated 0il/Gas
Pressure 0il Viscosity Gas Viscosity Viscosity
PSIG Centipoise Centipoise Ratio
5000 1.70
4000 1.56
3000 1.42
2500 1.35
2280 Saturation 1.32
Pressure
2200 1.34 0.0173 77.46
1900 1.44 0.0164 87.80
1600 1.56 0.0156 100.00
1300 1.74 0.0148 117.57
1000 1.94 0.0141 137.59
700 2.16 0.0135 160.00
400 2.46 0.0129 190.70
250 2.66 0.0125 233.60
110 2.92 0.0119 245.38
0 3.33

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and con-
fidential use, this report is made. The interpretations or o&lnlons-expreued represent the best judgement of Core Laboratories, Inc. (all errors and
omissions excepted) ; but Core Laboratories, Inc. and its officers and employees, assume no responsibility and make no warranty or representations
as touae productivity, proper operation, or profitableness of any oil, gas or other mineral well or sand in connection with which such report is used
or re upon.



: Centipoise.

Viscosity

IR S CORE LABORATORIES UK LTD. Page 1l _of 14

. . Petroleum Reservois Engineering File_ RFLA 81028 .
ABERDEEN. SCOTLAND

Viscosity of Reservoir Fluid at 160°F.

Company A/S Norske Shell Expl. & Prod.  Formation

Well 31/2-5 County ___North Sea

Field State Norway
5.00
4.00
3.00

‘\
2.00
Saturation
Pressure
1.00
0
0 1000 2000 3000 4000

Pressure : Psig.
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CORE LABORATORIES UK LTD.

Petroleum Reservoir Engineering

ABERDEEN, SCOTLAND

Page 12 of 14

File RFLA 81028

Well 31/2-5

SEPARATOR TESTS OF RESERVOIR FLUID SAMPLE

Separator | Separator [Gas/0il [Gas/Oil[ Stock Tank [Formation [Separator| Specific
Pressure [Temperature| Ratio Ratio Gravity Volume Volume |Gravity of
PSI Gauge °F. (1) (2) |}°API @ 60°F.[Factor(3) |Factor(4)|Flashed Gas
450 68 244 254 1.041 0.611%
to
0 68 113 114 28.8 1.186 1.003 0.794
250 68 284 291 1.025 0.620%
to
0 68 69 69 29.0 1.180 1.003 0.824
.7 150 .. 68 312 317 1.016 0.631*
to
0 68 44 44 29.0 1.180 1.003 0.847
50 68 344 347 1.008 0.661%
to
0 68 16 16 28.9 1.183 1.003 +

* Gas collected and analysed for hydrocarbon composition.
+ Insufficient gas for analysis.

(1) Gas/0Oil Ratio in cubic feet of gas at 14.73 psia and 60°F. per barrel of oil
at indicated pressure and temperature.

(2) Gas/0Oil Ratio in cubic feet of gas at 14.73 psia and 60°F. per barrel of stock
tank oil at 60°F.

(3) Formation Volume Factor is barrels of saturated oil at 2280 psig and 160°F.
per barrel of stock tank oil at 60°F.

(4) Separator Volume Factor is barrels of oil at indicated pressure and temperature
per barrel of stock tank oil at 60°F.

‘These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and con-
fidential use, this report is made. The interpretations or opinions. expressed represent the best judgement of Core Laboratories, Inc. (all errors and
omissions excepted) ; but Core Laboratories, Inc. and its officers and employees, assume no responsibility and make no warranty or representations
as (ol the productivity, proper operation, or profitableness of any oil, gas or other mineral well or sand in connection with which such report is used
or relied upon.
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» . CORE LABORATORIES UK LTD. *
Petroleum Reservoir Engineering

ABERDEEN, SCOTLAND

Page 14 of 14

File RFIA 81028

Well 31/2-5

RFT RECOVERY DATA.

Opening pressure of chamber 1100 psig at 68°F.

The chamber was heated to 160°F and stabilized at 5000 psig
prior to transfer. Two 650cc samples were transfered in
single phase to Core Laboratories sample cylinders numbers
80357 and 80412. The remaining contents were then pumped off
from the chamber resulting in the following recoveries:-

0il 1.64 litres of 30.6° API.
Water 180 ces
Gas 99,29 standard litres

(gas gravity 0.635)

Calculated gas-oil ratio 340 scf/stock tank bbl.

etations are based on observations and material supplied by the client to whom, and for whose exclusive and con-
Ig:xl:lntl'yeses‘,h&plr;elgg:toalr:el?ext The ninterpntnlons or opinions. expressed represent the best judgement of Core Laboratories, Inc. (all errors and
omissions ex‘cepted) . but Core Laboratories, Inc. and its officers and employees, assume no responsibility and make no warranty or representations
as to the producuvlti'. proper operation, or profitableness of any oil, gas or other mineral well or sand in connection with which such report is used
or relied upon.
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